With the rapid development of technologies and turbulent market environment, manufacturing industry is challenged with the task of managing products in each stage of product life cycle (PLC). A customer-manufacturercompetitor (CMC) model is developed, which helps manufacturers to analyse customer's, competitor's and manufacturer's orientation and related issues within the PLC. The CMC model consists of three evaluation processes, namely, customer-based evaluation, manufacturer-based evaluation and ideal formulation. In this paper, the characteristics of PLC and the six evaluation sets for assessing the performance of a manufacturer and its competitors in each PLC stage are presented; the advantages of integrating Quality Function Deployment (QFD), Theory of Inventive Problem Solving (TRIZ), and Analytical Hierarchy Process/Analytical Network Process (AHP/ANP) into the CMC model are discussed; and then the CMC model is described, followed by a case study illustrating how the CMC model can be applied in the PLC analysis.
Characteristics of PLC and Six Evaluation Sets
It is essential to understand the nature of each PLC stage because the competitive characteristics vary from one stage to another. The fundamental characteristics of PLC have been addressed by researchers from different perspectives, for example, in the life cycle/portfolio matrix developed by Little (Johnson and Scholes, 1999) , the whole concept is to assess whether a strategy is likely to be appropriate in a given stage of the
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PLC, the key point is to find out the organisation's position within an industrial environment and therefore to decide the types of strategies for the situation. The Marketing mix based analysis in each stage of PLC has been categorised which concentrated on adjusting the marketing effort to conform to the changing environment (Onkvisit and Shaw, 1989) . Even the five forces analysis model is not directly concentrated on life cycle in the industry environment, its popularity is shown that organisations can utilise the model to predict the opportunities and the threats for a particular period (Porter, 1985; .
Figure 1: Characteristics of PLC and Six Evaluation Sets
It is crucial to structure the related PLC issues in a strategic manner. This research pays special attention on the issues of PLC at the strategic business unit (SBU) level. A SBU is a part of the organisation for which there is a distinct external market for its products. At this level, the basis of strategic decisions is how customer needs can best be met, usually to achieve a sort of competitive advantages for the organisation (Johnson and Scholes, 1999) . It is important to clarify the issues that need to be addressed for PLC at this level. In this research, a total of six evaluation sets are proposed. The six evaluation sets are derived from the survey results. Due to the restriction of the paper length, the details of the survey procedures and sampling selection can not be illustrated here. The six evaluation sets are combined with QFD, ANP and TRIZ approaches for extracting customer information and evaluating the performance of manufacturer and its competitors. The six sets work as a base for the CMC model, which are Integration set, Core competences set, Marketing intelligence set, benchmarking set, strategy set and position set, respectively. Figure 1 shows the characteristics of PLC and the six evaluation sets, where the vital aspects of characteristics of PLC are summarized and their direct connections with the six evaluation sets are presented. The criteria that are contained in the six evaluation sets reflect the issues that need to be explored in a particular stage. The most up part is the summary of the characteristics of PLC in each stage which are based on fundamental theories of PLC (Johnson and Scholes, 1999; Onkvisit and Shaw, 1989; and Porter, 2004) , while the bottom part is the evaluation sets which can be used as criteria for CMC information analysis.
Features of Utilising QFD, TRIZ and AHP/ANP in this Research
QFD is a structured approach for translating customer requirements into design specification (Revelle, Moron and Cox, 1988; Terninko, 1997) . The approach has been widely utilised by many distinguished International companies, such as IBM, Ford, Toyota, etc. However, QFD focused on identifying problems, but not on resolving the problems. It is important to find a way solving the problems which have already been identified by QFD. Theory of Inventive Problem Solving (TRIZ) is derived from the study of global patents, which is a high efficiency tool with strong capability for solving both technical and physical problems (Altshuller, 1984; Altshuller, Shulyak and Rodman, 1997; Terninko, Zusman and Zlotin, 1998) . TRIZ is useful in many fields because it is a unique method of problem resolution. With several decades of development, TRIZ has been well applied in a wide range of areas from engineering, medical, education to business management (Clausing, 2001; Marsh, Waters and Mann, 2002; Ruchti and Livotov, 2001) . Utilising arithmetic calculations to rank the issues having influences in each PLC stage and the weight of priorities are an integral part of QFD and TRIZ. The AHP/ANP, which are developed by Satty (1985 Satty ( , 2004 , use paired comparisons to represent judgments and highlight the role of inconsistency in the decision making process. The AHP/ANP are based on a multi-criteria measurement theory that provides a general framework to deal with decisions without making assumptions about the independence of higher-level elements from lower level elements.
Integration of QFD, TRIZ and AHP/ANP approaches would help manufacturers to capture customers' needs and to analyze the capabilities of manufacturers themselves and their competitors. As a result of the integration, the functions of the CMC model are enhanced and appropriate utilization of the model in PLC analysis can enhance the manufactures' competitive positions in the markets.
QFD
QFD focuses on delivering values by understanding the customer's requirments and needs and then deploying theses expectations throughout the development process. The procedure of QFD in various development phases is to apply matrices to identify the
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correlation between inputs and outputs.
In using QFD, not only an organisation can manage engineering knowledge in a systematic way in which the future similar design can be applied easily, but also it can identify competitive advantages and win an emulous position (Akao, 1990) . With many years' development, QFD has been integrated with other approaches to improve organizations' efficiency (Kumar, Antony and Dhakar, 2006; Pramod, et. al, 2006 ). An advanced product definition methodology based on QFD principles to manage risk and improve product definitions and resource allocation has been developed by Chao and Ishii (2004) . To challenge the conventional QFD, a QFD strategy house, which links marketing and manufacturing strategies by focused upon the QFD from operational and organisational perspectives has been proposed (Gonzalez, Quesada and Mueller, 2004.) . Although QFD has attracted great attention, the major lack of integration business with product design environment has not been successfully transforming the voice of customers into product design environment (Han, Chen, Ebrahimpour and Sodhi, 2001) .
The purpose of applying QFD in this research is to exploring customer's preferences from different directions in each stage of PLC. Conventionally, the core of QFD is the House of Quality, which is represented by a set of matrices for identifying customer needs with technical characteristics; the primary matrices includes Demanded Quality, Quality Planning, Performance Measure, Product Planning and Measured Performance. Unlike most of QFD based applications, applying QFD in this research is mainly focused on defining customers' preference from operational perspective; therefore, the Product Planning and Measured Performance are ignored in this research. However, detailed manufacturer and competitor analysis from manufacturers' perspective will be explored by using ANP.
TRIZ
Unlike QFD, TRIZ provides a faster and shorter way for solving problems. TRIZ is based on consolidated findings from extensive research of patents, and it offers well defined methods for developing new ideas (Akao,1990) . TRIZ is initially for solving the engineering problems, in recently years; many researchers have paid great attentions to apply TRIZ to different fields, such as education, biology, and business management.
With the development in the past several decades, several tools and methods have been designed that can be either used separately or in combination with others based on the original TRIZ. Some of the tools are for analysis, such as Ideal design, Su-field analysis; the others provide knowledge, such as Contradictions analysis, and Patterns of Evolution. Considering that the issues concerned in this research, the technique so called Problem Formulation is utilised to solve the problems which have been identified using QFD and ANP. The formulation process offers a complete list of problem statements once they are clearly identified, and a variety of directions can be followed for developing the best solution (Rantanen and Domb, 2002; Yuri, 1999) . The terms of harmful function and useful function are the fundamental concepts of problem formulation, which have been indicated in TRIZ to represent drawback and primary function, respectively. To identify the interaction between useful and harmful functions and to formulate them in precise phrase three links between harmful and useful functions are defined in the following (Terninko, Zusman and Zlotin, 1998) :
• Useful Function is required Useful Function • Useful Function is introduced to eliminate Harmful Function • Useful Function causes Harmful Function These essential links will be used for finding the solutions for an ink cartridge manufacturer in case study which will be presented later in this paper.
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AHP/ANP
The AHP/ANP use paired comparisons to represent judgments and are able to handle the inconsistency in a decision making process. The methods are based on a multi-criteria measurement theory which provides a general framework for decisions making without assumptions about the independence between higher-level elements and lower level elements (Satty, 2004) . In addition to AHP/ANP, several multi-criteria decision making (MCDM) methods exist (Anderson, 2003; Curwin and Slark, 2002; Fishburn, 1996; Miller, 1969; Bowen, 1990) , such as Weighted Sum Model (WSM), Weighted Product Model (WPM), ELECTRE Method, TOPSIS Method, etc. The comparisons between AHP/ANP and the other MCDM methods carried out by researchers revealed that AHP/ANP possess a number of benefits over other methods (Triantaphyllou, 2002; Bhutta and Huq, 2002) .
In this research, the AHP/ANP approach is adopted. Apart from its successful records of accomplishment in industries, AHP/ANP approach is more appropriate in relation to the nature of the CMC model and associated methods developed by this research. For example, the proposed manufacturer based evaluation process involves tangible and intangible criteria, which required a measurement that have the following functions: providing a realistic description of the problem, structuring the decision-making process, incorporating both quantitative and qualitative factors, expressing the relative importance factors, analyzing alternatives, more importantly, supporting group decision-making and allowing the decision makers to focus on each small part of the problem.
The CMC Model
The model covers three evaluation processes, namely, Customer-based Evaluation, Manufacturer-based Evaluation and Ideal Formulation, which provides an efficient approach for manufacturers to constantly dissect the product in each stage of PLC and to look for potential advancements. Its main competences differ from one stage to another depending on how the manufacturer is positioned and the strategies that may take.
Within the Customer-based Investigation, the customer-based evaluation between rivals is the first step towards positing the target in which they are oriented. Followed by the customer orientation analysis, where the AHP and QFD are employed to evaluate the rivals' performance from customers' point of view and to investigate customer orientation from manufacturer's perspectives. For the Manufacturer-based Evaluation process, the analysis is concentrated on evaluating vital issues that influence on product development in each stage from manufacturers' points of view, it addresses the gaps that have been identified from Customer-based Evaluation sector before embarking upon an improvement process. Therefore, the previously completed analysis for customer orientation in different stages will be taken into account, and the ANP approaches are employed in this sector. The Ideal Formulation process is focused on addressing the gaps identified from both Customer-based Evaluation and Manufacturer-based Evaluation before embarking upon an improvement process, therefore, the previously completed analyses for the all elements in the product development stage are reviewed, and then categorised by the factors of pros and cons, and a set of elements to remedy the deficiencies is identified. TRIZ's problem formulation has been applied in this sector. The first two sectors can be analysed separately, and the final sector is established based on the results that gained from formal two analysis results. The customer and competitor's information needs to be structured in a strategic manner, and hence operational issues should be dealt with alongside in the entire PLC.
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Application of the CMC Model for PLC Analysis: a Case Study
To demonstrate the CMC model, a printer manufacturer is chosen to illustrate the model. For a confidential reason, the manufacturer is referred to Manufacturer Y in this paper.
Background Information
Manufacturer Y is a medium-size Chinese domestic manufacturer who manufactures printers. The manufacturer also produces own-brand printer consumables for both local and overseas markets. Ink cartridge is one of the products which are designed for a wide range of printers. Compared to its rivals, Manufacturer Y has remained as a fair player in the industry. To keep the existing market position and to expand potential markets, Manufacturer Y needs to pay attention to each stage of product development in order to swiftly alter its development directions to win a competitive position. The office equipments have been updated very fast, and the more intelligent features are required for printer products. The manufacturer currently promotes a type of disposable ink cartridge with a smart-chip. The function of this intelligent smart-chip is to measure the amount of ink that is being used in the prints and it also keeps track on the level of ink that is contained in the cartridge. It is still in an earlier stage for manufacturing intelligent ink cartridge, because of the high costs and technique requirements. The product is currently in its introduction stage. Applying the CMC model would be of assistance for the manufacturer to clarify the product position in the market and to find the appreciate countermeasures for further improvement. For the research purpose, three competitors who manufactured similar products are chosen to compare with the manufacturer. The three competitors held similar position in the ink cartridge industry.
Customer based evaluation Process
It covers two major steps: the first step involves understanding the differences between manufacturers and its competitors from customers' perspectives; the second step includes activity for analysing customers' characteristics and preferences based on the results obtained from the first step. This process enables assessment of the existing products and determines the potential positioning of the product development directions against the competition. Because the model spans the entire product life cycle, the primary focuses from stage to stage. Unlike the conventional QFD method, collecting voice of customer is not focused on gathering technical data, but analysing current situation from operational perspectives. The aim of the CMC model in this sector is to find out the product's state and competitors' position from customers' perspective, thus it does not need to go further for finding the detailed measured performance as traditional QFD. In this case, the desired evaluation results are concentrated on figuring out the customers' performances and the gabs between the manufacturer and its competitors from the customers' points of view. AHP and QFD have been integrated for the quantitative analysis.
The first priority of this process is to find out the comparison results between the manufacturer and its competitors from customers' perspectives. The criteria for evaluating product's performance are the central point. The Market Intelligence set has been employed in order to get a clear idea about its customer orientation. Establishing an appropriate matrix is the first step in this sector. Table 2 : Customer-Orientation Analysis
Demanded Monitoring
The most left side of Table 1 shows the Demanded Monitoring which is the first stage in Customer-based Investigation process. Its purpose is to further understand the critical factors that customer concerned in different product stages. As mentioned before, different organisations have particular preferences for collecting customer information; in this example, the important rate for demanded monitoring is oriented from past experiences, however, the evaluation procedure remains the same even the different Table 3 have been computed by applying AHP approach which will be used as measurements to rank the importance of each demanded criteria among the manufacturer and its competitors. 
Rival Evaluation
The Rival Evaluation shows the customers' weighting rates for the Demanded Monitoring between a manufacturer and its competitors. To easily understand the performance a measure, a five-point scale is used which makes relative position clear. The numerical number 5 indicates outstanding performance and a 1 for poor performance.
Monitoring Planning
The Monitoring Planning provides a structure for analysing the Demanded Monitoring and Customer Evaluation. Starting with the importance for each demanded Monitoring, and the subjective evaluation of product performance for several competitors. This information is used to establish a composite importance for each demanded monitoring. The Target Performance, Ratio of Importance, Unique Points and Synthetical Importance are included in this part.
Target Performance
The target performance is selected for each demanded monitoring, which presents the desired level for each Demanded Monitoring criterion. Target is influenced by manufacturer's performance in relation to competitors' and the customer's demanded quality importance. It also considers the organisational strength and Market Attractive sets between rivals.
Ratio of Improvement
The purpose for calculating the ratio of improvement is for comparisons between the desired target and the performance rating of the manufacturer. The ratio of Improvement is equal to the Target divided by the current judgment for the manufacturer.
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Unique Points
Unique Points is the core of the product that distinguish from the competitors, the value of 1.5, 1.2 and 1.0 are selected based on the fundamental of QFD, the value of 1.5 means the shining points of the product differs from competitors, and value 1.2 is reserved for the nice to have but not critical. The Unique points greater than 1.0 are seen as an opportunity for management to influence the design. Akao (1990) suggested a maximum value of three Unique Points greater than 1.0 to emphasize the unique impact of those demanded qualities.
Synthetical Importance
Synthetical Importance is equal to Demanded Monitoring Importance times Ratio of Improvement times Unique points. The Synthetical Importance will be used for weighting the priority for the performance measures. The customers' satisfaction weight can be found by multiplying the rating by the level of customer satisfaction. This process is repeated for all the demanded qualities.
Synthetical Importance=Important Rate*Ratio of Improvement*Unique point
Weighted Satisfaction
It is important to find the customer satisfaction levels between the manufacturer and its competitors, this is found by multiplying Important Rate by the results taken from the column within the customer evaluation, and each individual weight will be summed to get the Weighted Satisfaction.
Weighted Satisfaction=Important Rate*Customer Evaluation for the rivals(The manufacturer and its competitors)
Customer Orientation
A further improvement can be made by analysing the customer orientation in various stages. It is not necessary to have values for each criterion within all performance measurements if there is no close relationship between them. The relationship between demand criteria and customer orientation is the important measurement to find out priorities of each criterion within different segments. Currently, the manufacturer only made the distribution in three regions in China. For demonstration purpose, Table 2 shows the measurement from each sub-set, including Income factor from Demographic, Country from Geographic factor, Channel factor from the Channel purchasing and the User State factor from Buyer Behavior. Symbols are used to represent the customer satisfaction level with the demanded monitoring. For example, a high satisfaction is represented with a ▲ which equals 9, medium relationship is represented with a © which equals 3, low relationship is shown as a Ω with value 1, and value 0 represents no relationship which is displayed as ▬. The priority for each criterion measurement is calculated by adding the weight of the criteria in each cell and multiplying the Synthetical importance. Converting the final weights to % is easy for getting clear picture about the priorities for each criterion for the performance measurement. For example, median income in the Income group is 38 which is gained by it's weight 9.74 divided by the sub-
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total of 25.5. The results show that in the Demographic part, people with median income have the highest satisfaction rate, followed by high income and low income. In the Geographic part, Region A has the lowest satisfaction rate; on the contrary, people in Region C show a great satisfaction for the product. In the Purchasing Channel, people who purchased the product from retailers are happier than online shopping and purchasing wholesalers; the first time users seem had high satisfaction rate than the regulars in the Buyer Behavior set.
Manufacturer based Evaluation Process
It is vital to define a problem well before it can be solved. Understanding how to structure the issues that could affect each design stage is an essential step for solving the problem. The mainstream of this process is to compare the manufacturer and its competitors based on the six evaluation sets from the manufacturer's perspectives. This helps to place the manufacturer's resources and performance into perspective locations and reflects the fact that it is the relative position of a manufacturer which matters in assessing its strategic capability. There are two major goals need to be achieved in this process, the first is to explore what are the critical factors that affect PLC stages; the second is to help identify who are the most direct competitors, and on what basis competitive rivalry is likely to take place. This process is particularly important in finding the weaknesses or strength within and around a manufacturer and its competitors. AHP/ANP, the multiple decision making method, has been utilised in this process.
Overview of the evaluation sets using AHP/ANP
Manufacturer-based evaluation is a complicated process due to six evaluation sets with all sub-sets involved in this procedure and the interacting nature of ANP. As mentioned in Section 3.3, ANP is the extending of the AHP to deal with problems with dependence and feedback. As in the AHP, dominance or the relative importance of influence is a central concept, which is a liner top down structure with no feedback from lower to higher levels; while the ANP uses a network without the need to specify levels, which has a loop at the bottom level to indicate that each alternative in that level only depends on itself and thus the elements are considered to be independent from each other. Figure 2 shows the three level hierarchies for the manufacturer based evaluation by applying AHP. The goal of the manufacturer based evaluation is to find out the weaknesses which prevent the manufacturer's further developments within the Introduction stage, and to eventually overcome the barriers. The criteria can be any of the six evaluation sets or whole sets which depend on the areas that the manufacturer is looking for; the alternatives are the manufacturer and its competitors. The network can be generated from a hierarchy by increasing the hierarchy's connections gradually so that pairs of components are connected as desired and some components have an inner dependence loop. Different from the AHP approach, applying ANP for this evaluation process is more meaningful, because the comparison made between the clusters with respect to control criteria and to compare the elements with respect to sub-criteria of the control criteria. Figure 3 shows an ANP based network decision hierarchy for the manufacturer based evaluation: unlike a hierarchy, a network spreads out in all directions and its clusters of elements are not arranged in a particular order. 
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It would be not necessary to illustrate all the procedures, and the Marketing Intelligence set and Position set are selected to demonstrate the method. Figure 4 shows the connections between clusters within the Market Intelligence set and Position set, respectively. The demographic cluster is connected to the geographic cluster when one of the elements within the demographic cluster is connected to at least two elements in the geographic cluster. For example, the criteria such as Income, Brand Loyalty and Price Preference within the demographic set are used for comparing the components which are major parent criteria whose sub-criteria are used to compare the elements in the components. Thus the criteria for comparison of the components need to be more general than those of the elements because of the greater functional complexity of the components. Figure 4 shows the connection between clusters and elements within the two sets and the inner dependence exists for all the clusters, which indicates the flow of influence between the elements. There are five and four clusters included in the market intelligence set and position cluster, respectively.
Paired comparisons
Paired comparisons are needed for all the connections. The paired comparisons use Satty's scale for the comparative judgment (Satty, 1985) . In making paired comparisons, ratios are estimated using fundamental scales 1 to 9 of absolute numbers to compare two alternatives with respect to an attribute. The importance of the comparison is based on the connection of the elements, for example, the wholesale with Distribution channel cluster is connected to the elements within the region cluster, in particular, the Region A, Region B and Region C within the Geographic cluster. Therefore, such kind of questions can be risen, 'with respect to the wholesale, is Region A more or less dominate than Region B? and 'if so, by how much?'.
The following step is to construct a matrix using the relative importance of the alternative in terms of each criterion. The reciprocal matrix shown in Figure 5 represents a set of numerical judgments and the derived rating from these judgments. In Figure 5 , the derived rating in the last column is computed by raising the reciprocal matrix to arbitrarily large powers and then normalizing their row sums. The rating vector's sum to one and will be placed in their appropriate location in the supermatrix. 
Supermatrix
The representation of a hierarchy with three levels is shown in Figure 6 , where W 21 and W 32 are matrices; W 21 is actually a vector that represents the impact of the Goal on the criteria, and W 32 represents the impact of the criteria on each of the alternatives; W is Jiachen Hou and Daizhong Su referred to as a supermatrix because its entries are matrices. 
Supermatrix is introduced with purpose of handling the interdependence characteristics among elements and components which is similar to Markor chain (Issacson and Madsen, 1976; Gilks, Richardson, and Spiegelhalter, 1995) . For example, the elements within the region cluster have influences on or are themselves influenced by some or all of the elements of the region cluster or of another cluster. A priority vector derived from paired comparisons matrices are each entered as a part of some column of a supermatrix, which represents the influence priority of an element on the left of the matrix on an element at the top of the matrix. If an element has no influence on other elements, its influence priority is assigned as zero. To get the final relative importance weights of each of the alternatives, it is vital to make certain that the columns of the super-matrix are stochastic, which means the weights of each column for the super-matrix are summed to 1. Figure 7 shows the interdependence happened between Market Intelligence and Position clusters that are derived from paired comparisons. NPNM stands for new product in new market, NPEM stands for new product in existing market, EPNM stands for existing product in new market, and EPEM stands for existing product in existing market. 
Limiting Supermatrix
It is important to capture all possible influences for the supermatrix. Satty (2004) pointed out that through the entries of the weighted supermatrix itself gave the direct influence of any element on any other element. An element can influence a second element indirectly through its influence on some third element and then by the influence of that element on the second. Such kind of influences is gained from the cubic power of the matrix, and so on. The reducibility, primitivity, and cyclicity determine the limiting priorities of a stochastic supermatrix. To get relative importance weight for evaluation purpose, a markowian-based analysis is completed to achieve a convergent set of weights.
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According to the markowian analysis, raising the matrix to powers gives the limiting matrix that represents all possible interaction in the system.
Weighted supermatrix
The weighted supermatrix is resulted from the supermatrix of impacts for each criterion, and in terms of that criterion the components are compared according to their relative impact on each other component at the top of the supermatrix. The process is to take the final results of the converged supermatrix and the eigenvector values from the earlier paired comparisons and calculate the relative importance weight for each criterion.
Exploring the Weaknesses/Strength
The criteria need to be evaluated based on the results obtained from above mentioned procedures. For this manufacturer based evaluation process, the relative importance of the evaluation factors depend upon the types of stage of PLC, the requirements for various clusters and their attributes in different stages. As shown in Figure 3 , the reason for Manufacturer Y to take this process is to find the weaknesses or strength in the introduction stage; therefore, the evaluating areas would not be the same as in the growth stage. Depending on the development direction in each stage, the manufacturer can utilize the method to adapt the appropriate tackle for future improvement.
Ideal Formulation
The essential idea in this process is to analyse and structure the innovative issues in terms of evaluation results generated by customers and the manufacturer. This process addresses the pros and cons in which the manufacturer found from the former two processes. This is achieved by developing a proactive approach to analyse customers' and the manufacturer's evaluation results. It begins to clarify the useful and harmful elements that have already identified from the previous processes, and, afterward, to provide the structure for gathering information necessary to reformulate a problem and then break it down into several smaller problems.
After analysing the results obtained from the previous processes, the technique of problem formulator was used to eliminate unnecessary even harmful factors and to develop useful factors. The conclusions for the previous processes have already been drawn in the end of each process, so it is no need to repeat again. Based on those defined problems, formulation procedure in this sector offers a complete list of problem statement. The unique point of this Ideal Formulation process is to elaborate the detailed findings from the customer and manufacturer based evaluations. Ideal Formulation analysis gives the problem-solving team a variety of directions for developing the best solution. In reality, the analysis for the entire problems that were addressed from the previous sectors is needed in order to guide the future development. For the demonstration purpose, Region A within the demographic issue is taken to illustrate the problem formulation process. Table 2 in Customer-based Evaluation sector indicates that As a result of comparison of the customer satisfaction issue between Region A, Region B and Region C, Region A has the lowest scores. It is important to find out the reasons that hampered the customer satisfaction level in Region A and to find appropriate ways to solve the problems. In order to visually identify harmful functions and useful functions, Figure 8 shows the linkage of cause and effect relationships between the factors.
The procedure begins with the useful information, namely, customer satisfaction in Region A. As identified in Customer-based Evaluation process, the Demanded Monitoring issues have been measured for tasting customer satisfaction level, in particular, price, service, distribution channel, quality, features and brand loyalty. Figure  8 displays visual clues for understanding the relationships between these criteria and customer satisfaction. It would be too wordy to describe the problem statements for the all criteria, the Price factor is chosen for detailed explanation problem statement by using TRIZ's Ideal Formulation technique. Figure 8 indicates that the price issue needs to be considered in order to satisfy the customers in Region A. It is important to clarify that the consumers have buying power to afford the product. The following function indicates the relationship between price and buying power: (Buying power) is required for (Price). However, with the higher buying power, the consumers will have more options to purchase the product from the manufacturer's competitors; therefore, (Buying power) causes [Competition] . Since [Competition] is a harmful function, it is necessary to eliminate the competition. There are many reasons cause consumers to prefer competitors' products, such as lower price, good service, high quality, etc. One of the reasons for customers' favorite rivals' products in this example is caused by the price which can be found from Table 2 , which showed that the manufacturer has the lowest rating mark compared with the three competitors. (Dropping price) is required to eliminate the [competition] , consequently, (Low material costs) is required for (Dropping price), the way for having lower material costs is to select new suppliers who can provide same quality material with a lower price; therefore, (New supplier) is required for (Low material costs). Based on the customers' rating for the price factor, the solution for improving Region A's customer satisfaction level is to have new suppliers; however, this conclusion is not comprehensive because the other factors within the Customer-based Evaluation also need to be taken into account, meanwhile the Manufacturer-based evaluation has not been investigated in this example. Table 4 shows the results which are gained from the customer-based evaluation for Manufacturer Y. Table 5 shows Ideal Formulation based analysis which is focused on exploring the reasons why Region A had the lowest the satisfaction rate. To improve Region A's satisfaction Level, the following actions are needed from Manufacturer Y. New suppliers are required for reducing the expenses in materials; to strengthen service level, establishing an new structure is inevitable trend; the security policy needs to be consolidated to ensure to have a secure purchasing channel; Unique point is a major breakthrough for Manufacturer Y to win a market from quality aspect; High qualified personnel are demanded which could help the manufacturer in the aspects of improving product features and customer brand loyalty. 
Conclusions
A well designed PLC analysis approach is crucial for a manufacturing company to adjust its product development direction and to achieve competitive position in the market. A CMC model for PLC analysis has been developed and reported in this paper. The CMC model and associated methods developed provide useful tools for efficiently analysing the customers' preferences and the capabilities of manufacturers and their competitors in each particular PLC stage, and to derive appropriate solutions based on the analysis results obtained. The CMC model consists of three evaluation processes, namely, Customer-based Evaluation, Manufacturer-based Evaluation and Ideal Formulation. Their major features and functions within the CMC could be highlighted as follows:
• Within the Customer-based Evaluation process, the QFD and AHP techniques are integrated for the Market Intelligence set analysis. It enables direct assessment of the existing product's market position and determines the potential product development directions against the competition.
• Manufacturer-based Evaluation is a complicated process due to the involvement of six evaluation sets and their sub-sets and the intricate nature of ANP. It is particularly important in exploring the weakness around the manufacturer, and consequently in finding solutions to decomposes the problems which could affect the product advancement in each PLC stage.
• Ideal Formulation provides solutions for the problems that have been explored from the above two processes. It is a flexible method that decomposes the issues could affect the advancement of the product in each single stage, and makes the clear pictures for analysing related information. It gives the problem-solving team alternatives of directions from which the best solution could be developed. Multiple techniques of QFD, TRIZ and AHP/ANP have been integrated into the CMC model. The integration shows great benefits for the CMC to provide solutions and to process information in a systematically way to help manufacturers to efficiently analyse issues related to each PLC stage.
